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In the framework of the left-right symmetric model the CP-parity viola-





violation of CP-parity arises due to the interference of Feynmann diagrams,
and is absent in the case of the Dirac neutrino decays described only by one




-boson were obtained. The possibility to detect this phe-
nomenon at high energy colliders is mentioned.
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; ep; pp -collisions were actively studied [1, 2]. Heavy Majorana
neutrinos appear in many theories beyond the Standard Model (massive Ma-
jorana particles, gluino, neutralino, gravitino, appear also in supergravity
theories). Their introduction helps to solve such important problems as the
smallness of the left-handed neutrino mass (see the Appendix A for the neu-
trino mass matrix), baryonic asymmetry of universe and etc [3, 4, 5, 6].
On the other hand, the introduction of Majorana neutrinos leads to some
new phenomena such as the double neutrinoless -decay and other processes
with lepton number violation. Recently, in some works [2, 7] there have been











) by heavy Majorana neutrino loops.
The aim of this work is the investigation of CP-parity violation in heavy
Majorana neutrino decays described by two diagrams on Fig. 1. It should
be mentioned that the phenomenon, appeared due to the interferences of
both diagram is absent in case of the same Dirac neutrino decay, because
in this case the decay is described by only one diagram. We are working in
the framework of left-right symmetric model, however our numerical results
are applicable also to the models without W

R
e.g. to the Standard Model




n decays take place due to
the exchange of standard W

L
-bosons. It should be noted that CP-parity




n decays [8]. It appeared due to
the interference of two W-boson diagrams with the third diagram, also con-
tributing to this process and containing nondiagonal Z
o
Nn vertex, absent




n decay the interfer-
ence of both W-bosonic diagrams with each other did not lead to CP-parity
violation.













n) are equal to each
other at tree level. However, the dierential widths, as it will be seen below,












































































































neutrino energies ; m;m
n
are the masses



































is dierent from zero. Indeed, all four elements of KM matrix in interaction
Wen (formula (A7)), included in this factor are at the vertex of rectangle
(formula (3) below), by the phase transformations of fermionic elds one can
eliminate the phase only of one line and one column in V matrix (in formula
(3) they are marked out by solid lines). Thus, at least one of above mentioned
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As it is seen from formula (2), for the existing of CP-parity violation the









6= 0) is also
necessary.
In [10] CP-parity violation due the interference of the imaginary part of










boson is on mass shell (as a result the imaginary part of the
W- boson propagator occurs) and is virtual on the second diagram and vise
versa.






It should be noted [9], that we call diagrams 1 and 2 as of a tree type
conditionally; each of them is the result of summation of innite number of
2


























































































































, symbols are introduced,  
R




































































































































































Using the formulae (1,2,5,6) one can show, that both (7) and (9) asymmetries
are equal to each other.





































It is obvious, that v  0:5. The behaviour of the function f is shown on
Figs 2-4. All our calculations were done taking into account the nite width
of W
R
-boson. It should be mentioned, (as it can be seen from formulae (B1-
B9)), that the result depends on  
R
. The eect exists also in  
R
! 0 limit.
In our calculations we assumed the main W-boson decay modes to be the








Let us estimate the possibility of the eect observation at high energy
colliders. Using the formula for W ! en decay widths [10]
































































Hence, the dierence of event number is:
N
CP
















































Here R is the number of heavy neutrinos produced in colliders, R = 2
R
Ldt-
for the production of the pair of Majorana neutrino, R = 
R
Ldt - for



























From (16) one has for m
R











. Taking into account that f  0:1 0:5 for wide range of
4







































The heavy neutrinos may also be produced at the peak of Z
0
- bosons. From
[11] (p.496) we have, that when m
Z
0



























is increased at least
by 2-3 orders. It should be also noted, that our results can be also applicable












exchange, which interaction with N and n contains the additional smallness













decays, where -meson and/or electron are
polarized. The work in this direction is presently in progress.
The authors are express their gratitude to I.G.Aznauryan and S. G. Grig-
oryan for fruitful discussions.
The research described in this publication was made possible in part by
Grant N MVU000 from the International Science Foundation.
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APPENDIX A




 U(1) leads to a

















) and Majorana (M) mass matrices are related to the standard






M = h <  > (A.2)


























































Thus, requirement< ' ><  > naturally leads to large Majorana mass for
right-handed neutrinos. Left-handed neutrinos are nearly massless. Above
requirement provides also large W

R















V N + h:c: (A.7)




























































































































































































; z) = (arctan
y
+































































































































































































give the main contribution to the width:






















The second term in the formula (B9) is the interference of amplitudes and








one can not in ignore
it in general. However, even in this range interference can be considerably




























which contains in the square sum of the amplitudes of (B9).
8
References




Collisions at 500 GeV. The Physics Poten-
tial". W. Buchmuller et. al., p. 539.
[2] A.Ilakovac, B.A.Kniehl, A.Pilaftsis, Phys.Lett., B320 (1994)329
[3] M.Gell-Mann et.al. In Supergravity (North-Holland, Amsterdam), 1979,
p.315
[4] C.E.Vayonakis et al. Phys.Lett.,B286 (1992) 92
[5] K.Enqvist, I.Vilja, Phys.Lett., B299 (1993) 281
[6] W.Buchmuller, T.Yanagida, Phys.Lett., B302 (1993), 240.
[7] A.Pilaftsis, Mainz preprint 1993, MZ-TH/93-18
[8] J.F.Donoghue Phys.Rev. D V.18 N5 p.1632 1978
[9] G.Eilam, J.L.Hewett, A.Soni, Phys.Rev.Iett., 67 (1991) 1979
[10] W. Keung, G. Senjanovic, Phys. Rev. Lett. v. 50, (1983) p. 1427.




-Collisions at 500 GeV. The Physics
Potential". A. Djouadi et. al., p. 491.
9
Figure Captions










Fig.2 Function f(r; r
R
; z) versus z at r = 0:8. Curves 1,2,3 denoted
r
R
= o:95; 0; 9; 0; 85 respectively.
Fig.3 Function f(r; r
R
; z) versus z at r = 0:6. Curves 1,2,3,4 denoted
r
R
= 0:7; 0:9; 0:8 respectively.
Fig.4 Function f(r; r
R
; z) versus z at r = 0:3. Curves 1,2,3,4 denoted
r
R
= 0:9; 0:5; 0:8; 0:7 respectively.
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